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(57) An aluminum alloy thermal exchanger is dis- 
closed having a surface not containing any harmful 
chromium ions and having a good corrosion resistance 
and a good hydrophilicity. The aluminum alloy thermal 
exchanger has a first protective layer produced by using 
a treatment liquid containing substances (a) and (b) in- 
dicated below, and it further has a second protective film 
produced by applying a treatment liquid containing sub- 
stances (c), (d), (e) and (f) indicated below, wherein the 
weight of zirconium in (f) is 40 to 350 % by weight of 
vanadium in (e), wherein 

(a) = water soluble vanadium compound 

(b) = fluorozirconium complex compound 

(c) = aqueous polyvinyl alcohol polymer having a 



vinyl alcohol unit of more than 40 mol % and an ad- 
ditional polymerization unit (other than the vinyl al- 
cohol unit indicated above) of less than 60 mol % 

(d) = polyoxy ethylene glycol with an average mo- 
lecular weight of 6,000 to 1 ,000,000 

(e) = vanadium compound 

(f) = zirconium compound. 
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Description 

FIELD OF THE INVENTION 
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[00011 This invention relates to an aluminum-alloy thermal exchanger, especially in use for car-air-condrtioner. It 
further relates to an aluminum-alloy thermal exchanger with film of not containing chromium and hav.ng excellent 
corrosion resistance and hydrophile property on the surface of the aluminum-alloy. 



BACK GROUND ART 



[00021 Up to now, many of thermal exchangers fabricated with aluminum-alloy are designed to place fin closely 
together in orderto enlarge radiation and cooling area. However it tends to yield a lot of water drop made from moisture 
in air at narrow fin space because of hydro-phobic property of the aluminum alloy which results decrease of the therma 
exchanging efficiency and shows splash in ventilation downstream. In orderto prevent such problem, therefore, several 
is countenrieasures are proposed to remove water drop from the narrow fin space by giving a hydro-ph.lic property to 

the surface of the aluminum alloy. 

[0003] As for the method to give hydro-philicity on the surface of aluminum-alloy, there have been two ways ; one is 
to use of mixed film of organic compound and of alkaline silicate, and another is to use organic high molecular film. 
However both ways are still unsatisfied in order preventing another requirement of corrosion resistance property. A 
20 chemical' conversion coating using chromic acid are generally carried out on the aluminum alloy in order to improve 
the corrosion resistance property. However, it includes hexavalent chromium being harmful to human body. Therefore, 
it is eagerly desired any innovated treatment solution of not containing chromium. 

[00041 JP63-1 71 684A has disclosed a process to form an anti-corrosive and hydro-philic film on the surface of alu- 
minum alloy by using synthetic resin of specific monomer. It is, however, unsatisifactory about its hydro-ph.l.city. 
25 JP6-11 6527A has disclosed a process to give a hydro-philicity on aluminum material surface. However, this method 
is insufficient to eliminate odor due to its inorganic component. 

Further, JP1-270977A has disclosed a method to make aluminum alloy of hydro-philic and corrosion resistance. How- 
ever it is not desirable to use a film of this method since it contains chromium compound. 

Thus, there is still nothing developed for aluminum-alloy thermal exchanger with film being excellent in both corros.on 
30 resistance and in hydro-philicity and not containing chromium compound. 

DISCLOSURE OF THE INVENTION 

[00051 This invention is provided for resolution of problems against the existing techniques as above mentioned 
Namely it is the purpose of this invention to provide a new aluminum alloy thermal exchanger which has excellent 
corrosion resistance and hydrophilicity, resolving the problems such as reduction of thermal exchanging efficiency and 
splash from the condensated water drops, odor exhalation , and of course resolving the problem of harmful chromium. 
[00061 As the result of various consideration to resolve the above problems, present inventors found the way of two 
steps coating on aluminum-alloy; the first step is a chemical conversion coating of specific vanadium compound with 
inorganic zirconium compound, and the second step is an organic-inorganic composite film comprizing specific poly- 
vinyl-alcohol polymer, specific polyoxyethylene glycol, and mixture of vanadium compound and zirconium compound. 
[00071 The present invention is the aluminum alloy thermal exchanger being characterized in that the aluminum alloy 
has the first protective layer of chemical conversion coating being produced by using the treatment liquid containing 
(a) and (b) explained below on the surface of the aluminum alloy, and it further has the second protective layer of hyro- 
phllic film being produced by adding the treatment liquid containing (c), (d), (e), (f) below, and the weight of zirconium 
In (f) is 40-350 % to the weight of vanadium in (e), and then drying. 

(a) water soluble vanadium compound 

(b) fluoro zirconium complex compound 

(c) aqueous polyvinyl alcohol polymer having vinyl alcohol unit of more than 40 mol % and additional polymerization 
unit (other than the vinyl alcohol unit of above) of less than 60 mol % 

(d) polyoxyethylene glycol of 6,000-1 ,000,000 in average molecular weight 

(e) vanadium compound 

(f) zirconium compound 

[0008] Details of this invention are described. Aluminum-alloy thermal exchanger of this invention has the first pro- 
tective layer of a chemical conversion film and the second protective layer of a hydro-philic film on the surface of the 
aluminum-alloy. 



35 



40 



45 



SO 



55 



2 



BNSDOCID: <EP 120178BA1_I_> 



EP 1 201 788 A1 



[0009] The first protective layer is built up on the surface of said aluminum-alloy, through chemical conversion treat- 
ment using a treatment liquid containing (a) water-soluble vanadium compound and (b) fluoro-zirconium complex com- 
pound. 

[0010] As for water-soluble vanadium compound (a), it is preferable to apply organic vanadium complex compound 
5 being selected from the inorganic vanadium compounds such as meta-vanadic acid and vanadic acid and their salt of 
either sodium, potassium, or ammonium, vanadium sulfate, vanadyl sulfate, vanadium nitrate, and vanadium acetate, 
and also from the organic vanadium complex compounds such as vanadium acetyl-acetonate, and vanadyl acetyl- 
acetonate. For the above mentioned water soluble vanadium compou nd (a), it is more desirable the organic vanadium 
complex compound. 

10 For fluoro-zirconium complex compound (b), it is applicable either of zirconium hydrofluoride, zirconium-ammonium 
fluoride, and zirconium-potassium fluoride. 

There is no limitation on blending ratio of (a) and (b) compounds into the treatment liquid. 

[001 1 ] The first protective layer is, as above mentioned, complex chemical conversion film, containing vanadium and 
zirconium. Fluoro-zirconium complex compound may be considered to precipitate and to form a frame work of oxide 
is or fluoride on the surface of the aluminum-alloy and the frame work may insulate the surface from corrosive matter. 
Thus white-rust resistance is given by zirconium, while the vanadium gives to the aluminum alloy a resistance against 
pitting corrosion. As result of these composite effects, it is deemed that the first protective layer contributes to an 
excellent corrosion resistance without chromium. 

In this invention, for the first protective layer, the film weight is preferable at 1 0—2000 mg/m 2 , and more preferable at 
20 50 — 500 mg/m 2 . In case less than 10 mg/m 2 , it becomes insufficient on adhesion with the second protective layer 
and becomes less corrosion resistant, while in case more than 2000 mg/m 2 it result not only to saturate the effect but 
also to lead the cost expensive. Further when the film weight exceeds 2000 mg/m 2 , it becomes less uniform in film 
appearance and it arises a bad odor from the second protective layer, so it is better to control the film weight being not 
more than 2000 mg/m 2 . 

25 [0012] The vanadium amount in the first protective layer may be preferable at 2—500 mg/m 2 , and more preferable 
at 10—300 mg/m 2 . When the amount is below 2 mg/m 2 , pitting corrosion resistance may become to decrease. The 
zirconium amount may be preferable at 2 — 500 mg/m 2 , and more preferable at 10—300 mg/m 2 . When the amount is 
below 2 mg/m 2 , corrosion resistance against white rust may become to decrease. However, when each of them become 
over 500 mg/m 2 , it may become costly and may arise a bad odor. 

30 [0013] The first protective layer of aluminum-alloy thermal exchanger in this invention is covered by the second 
protective layer. This second protective layer is built up by using the treatment liquid containing (c),(d),(e) and (f) as 
explained below, (c) is aqueous polyvinyl alcohol polymer having vinyl-alcohol unit of more than 4 0 mol% and additional 
polymerization unit (other than the vinyl-alcohol unit of above) of less than 60 mol%. (d) is polyoxyethylene glycol of 
6,000 -1,000,000 in average molecular weight (e) is vanadium compound and (f) is zirconium compound. And the 

35 weight ratio of zirconium in the compound (f) to vanadium in the compound (e) is 40—350 %. 

[0014] Formula (I) below shows example of polyvinyl alcohol polymer (c) explained above, and it may also be another 
denatured polymer obtainable as reaction product between the polyvinyl-alcohol polymer (I) and diketene. 
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ccH 2 -cHn — rcH2-cH3-m — ex] « (i) 

I I 

OH O 

I 

c=o 

I 

CH3 

In polyvinyl-alcohol polymer shown in formula (I), it may include either partial or entire saponificated compounds of 
poly-vinyl acetate and any copolymers of polyvinyl acetate with other monomer, and there is no limitation to the kind 
of co-monomer to be copolymerized with vinyl acetate. 
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In polyvinyl-alcohol compound shown in formula (I), "X" indicates copolymer being different from vinyl-acetate and 
vinyl-alcohol and "1", "m", and "n" indicates molecular number of vinyl-alcohol unit, vinyl-acetate unit, and additional 
polymer unit other than vinyl-acetate, respectively. In formula (I), [{n / (1 +m +n)} x 100] is desirable to be below 40 
mole %, and more desirable to be below 30 mole %. Also, in poiyvinyl-alcohol polymer shown in formula (I), [{m / (1 
5 +m +n)} x 1 00] is desirable to be below 20 mole %, and more desirable to be below 1 0 mole %. In case of excessive 
mole ratio of the above, it may reduce water-solubility of the polyvinyl-alcohol. Regarding a value of [{ 1 / (1 +m +n)} 
x 100], it may results as 40-100 mole % from both values of above. 

[001 5] Hydroxy! group in polyvinyl-alcohol polymer (c) may give to the second protective layer a water-proof property 
after cross linking reaction with additional copolymer unit and zirconium. And hydroxyl group being not participated 

10 such reaction give a hydrophile properties to the second protective layer. 

[0016] For polyoxyethylene glycol (d) of the second protective layer, the average molecular weight is desirable be- 
tween 6,000-1 ,000,00 0. The above polyoxyethylene glycol (d) becomes immobilized in the second protective layer 
by formation of polymeric complex compound with zirconium ion in the zirconium compound (f), and may show odor- 
preventing properties and hydrophile properties. 

15 in case the average molecular weight of the polyoxyethylene glycol (d) is below 6,000, immobility in the second pro- 
tective layer may decrease under wet condition, and a durable time of good odor-preventing properties and of good 
hydrophile properties may decrease. While in case the average molecular weight is over 1 ,000, 000, it becomes cost 
up for production of treatment liquid since it becomes difficult itself to dissolve into the water. 

As for the vanadium compound (e) of the second protective layer in this invention, many sort of inorganic and organic 
20 vanadium compounds of any vanadium valence may be used, but it is more preferable to use tetravalent or pentavalent 
vanadium. Inorganic vanadium compounds such as meta-vanadic acid and vanadic acid and their salt of sodium, 
potassium, or ammonium, vanadium pentoxide, vanadium sulfate, vanadyl sulfate, vanadium nitrate, vanadyl nitrate, 
vanadium acetate and vanadium phosphate may be used. Also organic vanadium compounds such as vanadium acetyl- 
acetonate and vanadyl acetyl-acetonate may be used. 
25 [0017] Vanadium in the second protective layer shows properties of resisting against pitting corrosion like the vana- 
dium in the first protective layer. The effectiveness of vanadium is deemed with self-remedy-process, which is similar 
to chromate film. When a part of aluminum alloy may be corroded, vanadium may move from the film to the corroded 
portion and may form there a new strong film again and isolate the aluminum alloy from the corrosive matter. It is also 
deemed that it may produce some compounds in the second protective layer being difficult to dissolve in water, together 
30 with zirconium as mentioned later. 

[0018] As for the zirconium compound (f) in the second protective layer in this invention, following agent such as 
zirconium-ammonium carbonate, zirconium-potassium carbonate, zirconyl nitrate, zirconyl sulfate, zirconyl acetate, 
zircon hydrofluoric acid and its salt may be used. 

[001 9] Zirconium in the second protective layer shows white-rust resistant effect similarly to the process of zirconium 
35 in the first protective layer by isolating the surface of aluminum alloy from external corrosive matter by formation of 
frame work through cross-linking process between zirconium and hydroxyl group in polyvinyl-alcohol polymer (c). 
[0020] Also, zirconium has a role of building up some water insoluble compound with vanadium, making vanadium 
difficult to dissolve. For weight ratio of zirconium to vanadium, it is preferable between 40-350 %. In case below 40 
%, vanadium may decrease its durability time of corrosion resistance. While in case over 350 %, it demerits econom- 
40 ically. When the content of polyvinyl alcohol polymer (c) is 1 00 weight ratio in the treatment solution for the second 
protective layer in this invention, it may be preferable that the polyoxyethelene glycol (d) may be at 1 0-1000 weight 
ratio, vanadium compound (e) may be at 1 —200 weight ratio in vanadium-ion and zirconium compound (f) may be at 
0.4—700 weight ratio in zirconium-ion. 

Further, for the second protective layer in this invention, it may include another additives (g), such as anti-microbial 
45 agent and mildew-preventing agent, cross-linking agent such as aqueous epoxy resin and surface-active agent in the 
allowable amount of not impairing the primary effect. 

[0021] Anti-microbial agent and mildew preventing agent which are to be added to prevent foul odor from bacteria's 
propagation. The decomposition temperature of the anti-microbial agent and mildew-preventing agent is desirable to 
be at 100°C, and more preferable to be at 150°C in order to keep its effect to the said temperature. 
so [0022] The contained weight of the anti-microbial agent and mildew preventing agent is desirable at 0.1 -70 wt% to 
the total weight of (c)+(d) of the second protective layer, and more preferable at 0.3-50 wt % and furthermore preferable 
at 0.5—30 wt %. In case below 0.1 wt%, it becomes insufficient on effect, while exceeding 70 wt% it degrades water 
proof property of the film. 

[0023] In this invention, cross linking agent is added in order to make the second protective layer to be a three 
55 dimensional structure through reaction with hydroxyl group in polyvinyl alcohol aqueous polymer (c) or with terminal 
hydroxyl group in polyoxyethelene glycol (d). It is desirable to use aldehyde as the cross-linking agent such as polyg- 
lycidyl compound, blocking isocyanate, polymethylol compound and glyoxal. These addition of cross linking agent may 
increase more water proof properties on the second protective layer. 
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The content of the cross-linking agent is desirable at 0.1 —70 wt% to the total content of (c)+(d). In case below 0.1 % 
wt%, it becomes insufficient the cross-linking effect, while exceeding 70 wt %. it is not desirable for weakening of film 
adhesion. 

[0024] Many sort of surfactant may be added in order to make smooth the surface of the second protective layer. 
5 The content is preferable to be at 0.1 -70 wt% to the total content of (c)+(d), and more preferable at 0.3-50 wt %, and 
further more preferable at 0.5—30 wt%. In case below 0.1 % wt %, it is difficult to obtain a clear effect, while exceeding 
70 wt % ft degrades the water proof property of the film. 

[0025] It is preferable that the film weight of the second protective layer in this invention may be at 30—5000 mg/m 2 , 
and more preferable at 40 —3500 mg/m 2 , and further more preferable at 50— 2500 mg/m 2 . In case below 30 mg/m 2 , 
10 corrosion resistance, hydrophile properties and odor-preventing properties become insufficient, while exceeding 5000 
mg/m 2 may be wasteful. 

It is preferable that the content of the vanadium compound in the second protective layer may be at 2—500 mg/m 2 
being calculated in vanadium element, and more preferable to be at 2—250 mg/m 2 in vanadium element. Also zirconium 
compound may preferably be contained at 1 —1 750 mg/m 2 being calculated in zirconium element, and is more prefer- 

is able to be 1 —875 mg/m 2 , wherein the weight ratio of zirconium to vanadium should be at 40—350 %. 

In case when vanadium is below 2 mg/m 2 or zirconium is below 1 mg/m 2 , the corrosion resistance may be decreased, 
however when vanadium exceeds 250 mg/m 2 or zirconium exceeds 1750 mg/m 2 , it may be wasteful. 
[0026] It is described the film formation method in this invention. First, the surface of the aluminum-alloy thermal 
exchanger is chemically cleaned by using alkali cleaner or acid cleaner. Subsequently, the first protective layer is 

20 formed on the surface of the thermal exchanger through chemical conversion coating. And then it is coated with the 
treatment liquid containing (c)— (f) and other addilives in order to form the second protective layer. Many coating method 
may be applied, however, it is generally used dipping method. After coating, it is preferable to dry it under a hot blast 
of 80-250°C and more preferably of 100-200°C. 

25 EMBODYMENT EXAMPLE AND COMPARATIVE EXAMPLE 

[0027] Aluminum alloy thermal exchanger of embodyment examples 1 —9 and comparative examples 1 —9 were used 
as specimens. After cleaning the surface, the first protective layer and the second protective layer were farmed. And 
then tests were carried on the specimens. However, for anti-microbial test, Al-Mn alloy sheets (JIS-A3004) of 
30 70mmxi 50mm x 1.2mm were used. 

(1) Surface cleaning 

[0028] All specimens were cleaned by dipping into 3 wt% water solution of alkali degreasing agent ( Fine Cleaner 
35 315( R ) ; Nihon Parkerising Co. Ltd.) maintained at 60°C and kept for 90 seconds in order to remove such as grease 
away from the surface, and rinsed with fresh water. Then, dipped into 1 0 wt% of 1 0 % sulfuric acid at room temperature 
for 90 seconds, and rinsed with fresh water. 

(2) Formation of the first protective layer of embodyment examples 

40 

[0029] The treatment solution used in formation of the first protective layer of the embodyment examples are shown 
in Table 1 . And the treatment solutions used in formation of the first protective layer of the comparative examples are 
shown in Table 2. Followings are showing the agent used in (a)-® Ha)-® and (d) - ® ~( b )-@ of Table 1 and 2. 

45 (a) Water soluble vanadium compound 



[0030] 



50 



<3> 



vanadyl-acethylacetonate [(C 6 H 7 0 2 )2V*0] 
vanadium-acethylacetonate [(C 5 H 7 0 2 )sV\ 
meta-vanadic acid ammonium [(NH^VOJ 



(b) Fluoro zirconium complex compound 



55 



[0031] 



•Q) zirconium hydrofluoride [H^rFg] 

-© zirconium-ammonium fluoride [(NH^^rF^ 
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(3) Formation of the first protective layer of comparative examples 
[0032] 

5 . Fluoro zirconium complex compound (b) were not used in comparative example 1 and 3. 
Water soluble vanadium compound (a) was not used in comparative example 2. 

Zirconium phosphate is applied for the first protective layer instead of the present invention in comparative example 

9. 

10 (4) Formation of the second protective layer 

[0033] After the formation of the first protective film, the specimens were dipped into the treatment solution in order 
to form the second protective film. Then the specimens were dried for 30 minutes in 150 °C. The composition of the 
element in the second protective film are shown in Table 1 and Table 2. The following is the agent used in (c)<D -(c)- 
15 (D , (d)<3) ~(d)<D , (e)<D ~(e)<g) , (f)<D -(f)<3) and (g) of Table 1 and Table 2. 

(c) polyvinyl alcohol polymer 

[0034] 

20 

(J) saponificated polyvinyl alcohol 

(saponifification degree: 90 mol%, molecular weight: 100 thousand) 

- © 5 mol% diketene treated polyvinyl alcohol (saponifification degree: 90 mol%, molecular weight: 50 thousand) 

25 (d) polyoxyethylene glycol 
[0035] 

® polyethylene glycol 20000 (average molecular weight: 20 thousand) 
30 - © polyethylene oxide(average molecular weight: 300 thousand) 

(e) vanadium compound 
[0036] 

35 

- Q) sodium meta vanadate [NaVCy 

© ammonium meta vanadate [Nh^VOJ 

(f) zirconium compound 

40 

[0037] 

- Q) zirconium hydrofluoriide [HgZrFe] 

(2) zirconium-ammonium fluoride [(NH 4 ) 2 ZrF 6 ] 
45 - (§) zirconium ammonium carbonate [(NH^gZrfCC^y 

(g) additives (anti-microbial agent) 
[0038] 

so 

- © sodium-2-pyridine-thiol-1 -oxide (cross-linking agent) 

© glycerol diglycidyl ether (aqueous epoxy cross-linking resin, surface active agent) 
© polyoxyethylenealcohol ether (non-ionic surfactant, HLB=12) 

55 (5) Test and evaluation 

[0039] The results of the test are explained in Table 1 -Table 4. 
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(Weight of film) 

[0040] It was measured by using a fiuorecent X-ray analyzer and a surface carbon analyzer 
5 (corrosion resistance) 

[0041] The salt spray test according to JID-Z-2371 were carried out for 24 hr t and observed the white rust occurrence 
at the fin of the thermal exchanger. 

io © mo white rust 

O : white rust area below 1 0 % 
A : white rust area 1 0-30 % 
x : white rust area over 30 % 

15 (hydrophilic property) 

[0042] After 72 hours dipping into flowing water at room temperature then 1 hour drying at 80°C, the contact angle 
of the fin portion of thermal exchanger with water was measured (using an image-processing contact-angle meter Type 
CA-X; Kyowa Surface Chemistry Co.). 

20 

(odor-preventing property) 

[0043] After 72 hours dipping into flowing water at room temperature then 1 hour drying at 80°C, it was examined 
by smell. 

25 

O : no odor 
A : a little odor 
x : clear odor 

30 (anti-microbial property) 

[0044] Test specimens were dipped for 72 hr into a following water of room temperature, then the specimens were 
dried for 1 hr at 80 °C. The specimens were cut into the size of 4 cmx4 cm, then nutrient and microbe were sprayed 
on the cut samples, and then they were cultivated for 14 days at 30 ± 2°C. The number of extracting microbe from the 
35 cultivated mat was measured. 

O : the number of microbes < 1 0 2 /m 2 

A : 1 0 2 /m 2 ^ the number of microbes<1 0 5 /m 2 

x : the number of microbes ^ 10 5 /m 2 

40 

Microbes used in test 

[0045] Microbes : Escherishia coli, Bacillus subtilis, Pseudomanos aeruginosa 
[0046] Mildew : Aspergillus niger, Penicillium citrinum, Cladosporium clados-porides 
45 [0047] As seen from Table 1 and 3, the embodyment examples 1 —9 of aluminum-alloy thermal exchanger having 
the first protective layer and the second protective layer of this invention showed excellent corrosion resistance as well 
as excellent hydro-phi I icity and odor preventive property. 

[0048] Whereas in Table 2 and 4, comparative examples 1 —3, which did not use vanadium compound (a) or fluoro- 
zirconium complex compound (b) for the first protective layer, they were inferior in corrosion resistance. In comparative 

50 example 4 which did not use aqueous polyvinyl-alcohol polymer (c), it was seen insufficient in corrosion resistance, 
hydro-philicity and odor preventive property. In comparative example 5 which did not use poly oxy ethylene glycol (d), 
it was insufficient in hydro-philicity. Also, in comparative example 6 which did not use vanadium compound (e), it 
resulted inferior corrosion resistance. In comparative example 7 which did not use zirconium compound (f), it was 
inferior to corrosion resistance and to odor preventive property. It was also insufficient in corrosion resistance in com- 

55 parative example 8 where the weight ratio of vanadium to zirconium is below 40 %. Further in comparative example 9 
where zirconium phosphate is applied as the first protective layer instead of the present invention, corrosion resistance 
was unsatisifactory. 
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ADVANTAGES OF THE INVENTION 

[0049] According to the formation of the first protective layer and the second protective layer of this invention on the 
surface of alumin urn alloy, it became possible to obtain aluminum-alloy thermal exch anger of not containing any 
5 harmful chrominum ion on its surface and having good corrosion resistance, good hydro-philicity, and excellent pre- 
ventive capacity against odor for a long term. 
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Claims 

1 . An aluminum alloy thermal exchanger, 

characterized in that it has a first protective layer of a chemical conversion coating produced by using a treatment 
so liquid containing substances (a) and (b) indicated below on the surface of the aluminum alloy, and it further has a 

second protective layer of a hydrophilic film produced by applying a treatment liquid containing substances (c), 

(d) , (e) and (f) indicated below, wherein the weight of zirconium in (f) is 40 to 350 % by weight of the vanadium in 

(e) , on the first protective layer and subsequent drying, wherein 

55 (a) = water soluble vanadium compound 

(b) = fluorozirconium complex compound 

(c) = aqueous polyvinyl alcohol polymer having a vinyl alcohol unit of more than 40 mol % and an additional 
polymerization unit (other than the vinyl alcohol unit indicated above) of less than 60 mol % 
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(d) = polyoxyethylene glycol with an average molecular weight of 6,000 to 1 : 000,000 \": x 

(e) = vanadium compound \\ x * - 
(0 = zirconium compound. * ; ^ 

The aluminum alloy thermal exchanger 
according to claim 1, 

characterized in that the water soluble vanadium compound (a) is one or more than one of organic compounds 
selected from the group of vanadium acetyl acetonate and vanadyl acetyl acetonate. 

The aluminum alloy thermal exchanger 
according to claim 1, 

characterized in that the weight of the first protective film is 1 0 to 2000 mg/m 2 the vanadium in the first protective 
film is 2 to 500 mg/m 2 and the zirconium in the first protective film is 2 to 500 mg/m 2 . 

The aluminum alloy thermal exchanger 
according to claim 1 , 

characterized In that the weight of the second protective film is 30 to 5000 mg/m 2 , the vanadium in the second 
protective film is 2 to 500 mg/m 2 and the zirconium in the second protective film is 1 to 1750 mg/m 2 . 
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